Abstract
DEM simulations were compared with the in-situ measurement 23 with a cone penetrometer of the same geometry. This provided by an operator (Laib, 2002 of the all externally applied forces acting on the particle) in N,
184
m is the total mass of the particle in kg, i x  is the acceleration of 185 the particle in m s -2 and g i is the gravity loading in m s -2 .
186
For rotational motion, the following equations were used,
187
which can be written when the particle's local coordinate 188 system lies along the principal axes of inertia of the particle: 
237
After the DEM model was established, the contact properties of 238 soil particles shown in 
The normal component (F n ) of the contact force can be 254 calculated by (Potyondy and Cundall, 2004) : 
The only difference between Formula 4 and Formula 6 is that 
are the normal-and shear contact force 
299
To implement these two contact models, the contact properties 300 (shown in Table 2 ) between the soil particles need to be Table 2 .
314 Table 2 . The material properties of the discrete element models (DEM),
315
derived from the DEM penetration simulations. (N) (Terzaghi, 1943) :
where c refers the cohesion in MPa, A is the sheared area in 
359
The dimension of the shear box test was set to be of the particles' greatest velocity at given timestep will be around 395 the head of the cone, which can be observed in Fig. 3c . 
Quantitative estimation of the soil penetration resistance

410
The calculated soil penetration resistance was illustrated as a .
422
The number of contacting elements with the tip of the cone was 
The effect of the shape of the model's cross section
472
The comparison between the DEM calculated (with both cross- 
478
It can be clearly observed that the soil resistance calculated (Fig. 8) 
598
(left) and for the circular shape soil models (right).
599
Summarizing the results it can be said that the best Table 4 ). cross section models are shown in Fig. 10 a and 
